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Development and evolution of vertebrate cranial placodes
One of the key features that distinguishes vertebrates from
other chordates is their complex head. Indeed a plethora of new
cranial structures – including specializations of the feeding appa-
ratus and several sensory organs – evolved in the vertebrate
lineage. This endowed vertebrates with a “new head” (Northcutt
and Gans, 1983) that facilitated a more active and exploratory life
style and probably is one of the main reasons for their stunning
evolutionary success. More than 30 years ago, Northcutt and Gans
ﬁrst pointed out that, somewhat surprisingly, many of the evolu-
tionary novelties of the vertebrate head can be traced back to only
two novel embryonic tissues, the neural crest and the cranial
placodes (Northcutt and Gans, 1983). Whereas the former gives
rise to migratory cells that contribute to the cranial skeleton,
pigment cells, and neurons and glia of the peripheral nervous
system, the latter undergo various types of morphogenetic move-
ments (including invagination, migration) and make important
contributions to many cranial sensory organs and ganglia.
Because of their ability to give rise to relatively complex but
evolutionarily novel structures, the neural crest and the cranial
placodes captivate the attention of developmental biologists and
evolutionary biologists alike. From a developmental perspective, both
tissues illuminate a number of central developmental problems such
as how a diversity of cell fates is generated from a common precursor
(lineage restriction and differentiation), how these cell fates are
assigned in a spatiotemporally coordinated fashion (pattern forma-
tion), and how cell shape changes and cell movements mold the ﬁnal
shape of organs (morphogenesis). From an evolutionary perspective,
comparison of the molecular and cellular interactions underlying
neural crest and placode development in vertebrates with the
interactions between corresponding molecules and cells in other
chordates promises to provide insights into how neural crest and
placodes originated by rewiring of ancient gene regulatory networks.
Since the development and evolution of the neural crest has
recently been covered in a number of reviews (see for example,
the special issue of Developmental Biology 366 (1), 2012), this
special issue focuses on the cranial placodes. All placodes are now
known to originate from a common precursor region in the
embryonic ectoderm, the pre-placodal region, which forms adja-
cent to the anterior neural plate and neural crest. The reviews by
Groves and LaBonne and by Saint-Jeannet and Moody summarize
our current knowledge of how signaling molecules and transcrip-
tion factors cooperate to specify and position this domain in the
early embryonic ectoderm and how it subsequently becomes
subdivided into individual placodes. The review by Steventon
et al. then highlights how recurrent mutual interactions between
placodal and neural crest cells shape the development of sensory
organs in the vertebrate head.
Although different placodes give rise to a variety of different
sense organs (e.g. nose, ear) and cranial ganglia, the review by
Lassiter et al. argues that neurogenesis and the delamination of
neuronal progenitors in different placodes is actually controlled by
surprisingly similar signaling pathways. Similarities and differ-
ences in the development of neurons and sensory cells from the
olfactory and otic placodes are then explored in more detail by
Maier et al. The development of another set of placodes, the lateral
line placodes involved in mechanoreception and electroreception
in many ﬁshes and amphibians is summarized by Piotrowski and
Baker who point to a surprising diversity of developmental
mechanisms underlying the morphogenesis of these placodes in
different vertebrates. Finally, the reviews by Patthey et al. and
Schlosser et al. address the evolutionary origin of placodes con-
centrating on placodal cell types and ectodermal patterning
mechanisms. They suggest that some of the sensory cell types
found in placodes as well as many of the ectodermal patterning
mechanisms employed during placode development have a deep
evolutionary history. And this despite the fact that proper cranial
placodes, as clusters of progenitors that give rise to high density
arrays of neurons and sensory cells, evolved as novel structures in
the vertebrate lineage.
The reviews collected in this issue grew out of a meeting
organized by Marianne Bronner and Carole LaBonne at the
Fondation de Treilles in France. I wish to take this opportunity to
thank the organizers for putting together this excellent and very
inspiring meeting, which left room for a lot of stimulating
discussions. I also want to thank the Fondation de Treilles for
their support and for creating the perfect environment for the
germination, cultivation and cross-fertilization of ideas.
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